IWSULTS AND DISCUSSION

SUMMARY
SRTC has completed filtration testing of tetraphenylborate (TPB) slurries with and without sludge. These tests were slightly different from previous SRS tests in that they used continuous mode concentration and constant volume washing evolutions. The extent of TPB recovery during washing was measured. The resulting washed precipitate slurry, with sludge, was stored at ambient temperature and under a nitrogen-inerted atmosphere to study TPB stability. Samples of both unwashed and washed slurries were submitted for rheology measurements. Key findings from this work are: Testing generally agreed with past SRS work. Filtration flux responded as expected to changes in axial velocity, transmembrane pressure (TMP), and sludge addition.
Washing effectiveness was influenced by mixing and Surfynol@ 420 content. Effective mixing of the wash tank is imperative if the slurry is to be effectively washed. Researchers and technicians observed the filter operation to be erratic and difficult to control at the end of each washing evolution.
Tetraphenylborate (TPB) recovery in spent wash water during precipitate washing was in the range of 62-770A.
The washed TPB slurry was stable over the 60-storage period under nitrogen blanket. No TPB decomposition products were formed over the 60-day period.
Rheology measurements of both unwashed and washed TPB slurries gave yield stress values approximately 1/5 -1/3 of the value of previous SRS measurements. The effects of shear history, Sur&nol@ 420 concentration, and feed composition may have contributed to the lower rheology measurements.
Irradiation (33 Mrad) reduced the slurry yield stress.
Addition of 2 g/L Surf@ol@ 420 reduced the slurry yield stress. 
RECOMMENDATIONS
The following is recommended for fbrther study:
. The effects of mixing and Surfynol@ 420 addition on precipitate washing should be explored further. Results fi-omthe current tests indicate these factors could impact filter performance, TPB recovery during washing, and washed precipitate rheology. . The NaTPB re-dissolution process should be investigated fhrther to determine the impact of operating parameters and the operating parameters needed to maximize NaTPB recovery.
q Radioactive tests should be performed with actual SRS waste to veri~the sirnulant tests describe the TPB filtration and washing processes adequately.
BACKGROUND
The Salt Disposition Systems Engineering Team has selected two cesium removal technologies for fimther development to replace the In-Tank Precipitation process, small tank tetraphenylborate (TPB) precipitation and Crystalline Silicotitanate (CST) ion exchange.
The small tank TPJ3 precipitation process can be described in the following manne~High level waste salt solution, NaTPB, monosodium titanate (MST), dilution water, and recycled wash water will be fed to a continuously stirred tank reactor (CSTR). The discharge from the CSTR will be fed to a second CSTR to complete cesiurn precipitation to we desired level. The discharge from the second CST~a K/CsTPB precipitate (-0.5 wt.'%o) slurry, will be fed to a concentrate tank. The precipitate will be continuously concentrated with a crossflow filter to achieve nominal 10 wt.Yo insoluble solids slurry. Periodically, the concentrated precipitate (1O wt.'XO)
will be transfemed to a wash tank where batch washing will reduce the nitrite concentration from 0.41 to 0.01 M N02. The wash water will be recycled to the first CSTR to reuse recovered NaTPB. The washed precipitate will be transferred to the Defense Waste Processing Facility (DWPF) for vitrification. 
EXPERIMENTAL METHOD
SRTC prepared the job-specific task and QA plans and conducted the necessary conduct of R&D.2 The unit was modified to allow feed solution to be continuously fed from a separate feed tank to the PREF feed tank. Figure 1a shows the experimental unit and the auxiliary feed tank. The filter was a Mott 0.5 w crossflow filter with a tube length of 4 feet and a tube inner diameter of 0.5 inches (filter area 0.52 II?). The 4.OVO solution was fed to the PREF feed tank through a Masterflex peristaltic pump (see Figure lb) . Figure lC shows the TPB slurry mixing. Figure 2 shows a schematic of the apparatus. SRTC prepared salt solution containing 6.1 M Na. The salt solution was mixed with a NaTPB solution (O.1 M NaOH, 0.55 M NaTPB) . The recipe provides for 100°Aexcess NaTPB. During the concentration, 8 hour recycle, washing, and stability tests with sludge -containing slurries, the system was inerted with nitrogen for safety purposes and because the palladium catalyst activates faster under nitrogen. .
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Figure 4 shows the filter flux and permeance during the 8 hour recycle test performed on March 26, 1999 with TPB precipitate containing no sludge. The filter petiormance was as expected.
As the axial velocity and transmembrane pressure (TMP) are increased from 6 Ws and 15 psi to 8 ftk and 30 psi respectively, the flux increases. The increased flux is caused by the higher axial velocity decreasing the cake thickness at the filter solace, and the higher TMP increasing the driving force across the filter. Decreasing the conditions to 4 fiisec and 10 psi resulted in a predictable drop in flux. Performance recovered as conditions were returned to 6 IVs and 15 psi although not to the extent seen at the beginning of the test which is most likely due to the cumulative effects of fouling over the course of the test. The results are consistent with previous SRTC work.3'G'7 Figure 6 shows the filter flux and permeance during the eight hour recycle test pefiorrned on April 1, 1999 with TPB precipitate containing no sludge. As with the previous 8 hr. run, the flux and permeance responded in an expected manner from changes in axial velocity and TMP. The response for 8 Ws and 30 psi is more pronounced in this test. The permeate fiowrate measurement is very sensitive to even slight adjustments to the system such as backpulses and backpressure valve adjustments. Therefore the higher fluxes at 8 fth and 30 psi are believed to be a result of more frequent system adjustment in an attempt to maintain the desired conditions. As seen in Figure 6b , the permeance response is more damped since the changes in permeate flow from system adjustments are compensated for by corresponding changes in TMP. The flux and permeance at the end of the test (with 6 tisec and 15 psi) are less than the flux and perrneance at the beginning of the test (with 6 ft/sec and 15 psi) due to filter fouling. During the 8 hour recycle tests conducted on 4/29/99 (see Figures 8a and 8b) , the filter flux and permeance was higher at 6 ft/s axial velocity and 15 psi TMP than at 4 ftk axial velocity and 10 psi TMP. The reason for the increased flux and permeance is the higher axial velocity. When the axial velocity and TMP were increased from 6 R/s and 15 psi to 8 ftk and 30 psi, the filter flux increased from 0.037 gpndfl? to 0.046 gprn/ft2 &d the permeance remained approximately the same (0.0025 gpm/~2psi vs. 0.0028 gpmhl?psi). The increased axial velocity was increasing the shear at the filter surface, which swept more of the insoluble solids away from the surface and increased the filter flow rate. The increased TMP increased the driving force across the filter, but the increase was not linear. The increased TMP also caused the filter cake to compact. In this testing, the addition of sludge caused about a 40'XO decrease in filter permeance that is consistent with previous SRTC testing.3'GThe flux and permeance were higher at the end of the test (6 ftlsec and 15 psi) than at the beginning. This difference is due to the low filter flow rate during startup. 
Filtration Performance during Constant Volume Washing
Following the eight hour recycle test on 4/1, the two "1Owt.Yo insoluble solids slurries were combined and washed to reduce the nitrite concentration from 0.41 M to 0.01 M. The washing was performed by adding O.OIM NaOH to the PREF feed tank at the same rate filtrate was removed from the system over 24 hours. Figure 9a shows the filter flux during the "washing cycle erformed on April 6-7, 1999. fl?-
The average filter flux was 0.044 gpm/ll? (0.0102 gpnd psi). The filter flux during washing was much lower than during the concentration and eight hour recycle tests. The reason for the lower flux is the purpose of the test was to wash the precipitate over 24 hours. In order to wash over 24 hours, a filtrate rate of 0.050 gpm/ft2 is needed, The operating parameters (TMP, axial velocity) were adjusted to achieve that rate. 
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WSRC-TR-99-O0243, Rev. O August 5,1999 Following the washing, precipitate samples were collected and submitted for analysis. Table 2 shows the analyses. The analyses showed the soluble solids, nitrate, and nitrite concentrations were much higher than expected and the precipitate had not been effectively washed. The reason for the poor washing is the slurry feed tank was not agitated during the washing process. Since the wash water feed line, the filter feed line, and the filter concentrate return line were located at the tank bottom, the wash water and filter concentrate were probably entering the feed tank, and being drawn into the filter feed. This phenomenon is also evident in Figure 9C which shows a relatively constant feed flow rate consistent with feeding low solids concentration slurry to the filter. The flowrates shown for approximately the first hours are not actually zero, but a startup artifact of the data acquisition system. Little change to the solution and piwticle characteristics occurred and hence the filter was not significantly challenged during this washing evolution. In effect, only a small fraction of the slurry was washed. In addition to the poor mixing and . .
ineffective washing, the researchers observed foam in the precipitate. the tank. SRTC also added' Surfjmol@ 420 (2 @) to the precipitate to The addition of Surfynol@420 appeared to make the precipitate less viscous
The washing cycle was repeated. Following washing, precipitate samples were collected and submitted for analysis. Table 2 shows the analysis. The analysis shows the slurry was effectively washed. Figures 10a and 10b show the filter flux during the washing cycle on April 20-21, 1999. The average filter flux was 0.094 gpndf? (0.0036 gpm/ft2psi). As the washing cycle proceeded, the precipitate appeared to become more viscous and started to foam. Previous SRTC work has suggested Sur&nol@ 420 decomposes in a high OH environment. An additional Sur&nol@420 [2 @) was added approximately 7 hours into the test. Following the washing, the precipitate was given to the Immobilization Technology Section for vitrification testing. Comparing Figure 10c to Figure 9C shows the drastic effect of feeding a consistently higher solids loading to the filter. The slurry on April 20 had Surfynol@420 added at the beginning of the test and was well agitated throughout the test. Initially feed flows were relatively steady. As filtration continued the flow became much more erratic and difficult to control. As a result of these observations and discussions with researchers in ITS, the authors added Sur@nol@420 to the feed slurry and to the wash water during the next washing evolution. The second Surfynol@ 420 addition, as mentioned previously, did not improve performmce. Concerned that the filter in use may have become severely fouled, the researchers changed from filter 1 to filter 2. Filter 2 was clean and had not been previously used. The filter performance initially improved after changing filters, but it rapidly declined within a few hours. Possible contributing factors to this behavior include:
. Changing solution and particle characteristics aS salt content is reduced during washing. ., Washing effectively removes Surfynol@420, and its beneficial effects, from the system over time. . High OH decomposes Surfjmol@420.
The filters were cleaned with oxalic acid following the washing on April 20,1999. Another batch of precipitate was prepared containing sludge and noble metals (see Table 1 ). The precipitate also contained 2 g/L Surfynol@ 420. Figure 11 shows the sludge after concentration. OIMNaOH to the feed tank at the same rate filtrate was removed from the system over 24 hours. The wash water also contained Surfjmol@ 420 (0.5 @). Figures 12a and 12b show the filter flux and perrneance, respectively, during the washing cycle. The average filter flux was 0.050 gprnhl? (Figure 12a ) and the average permeance was 0.0038 gprnlf?psi (figure 12b). Table 2 shows the analytical results. Since this slurry was over-washed, it was trimmed with soluble salts to achieve the desired concentrations. Table 3 summarizes the average filtrate flow rate measured during these tests expressed as flux " (gpndfl?) and as permeance (gprdfl?psi). The data is presented both ways, because in some cases filter fouling is observed by a reduction in filter flow rate and in other cases it is observed by an increase in transmembrane pressure (TMP). For comparison, the table includes data from previous SRTC filter tests with tetraphenylborate. In summary, the results of the current testing continue to agree with and substantiate previous filter test data.
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Tetraphenylborate Recovery during Washing
During washing, filtrate samples were collected and analyzed to-demonstrate effective washing and measure the re-dissolution of NaTPB. Because the April 4 washing was not effective and the April 20 washing started with less than 4.7 M sodium, only the filtrate samples from the May 3 washing were analyzed for NaTPB re-dissolution. Table 4 shows the analytical results. Figures 13 and 14 show the re-dissolution of TPB as a function of time. Much of the redissolution occurs within a few hours. After 12 hours, 65'% of the initial NaTPB has redissolved, and after 23 hours, 77% of the initial NaTPB has re-dissolved.
Since the precipitate was over-washe~the target nitrite concentration was reached in 9 hours rather than 24 hours. After 9 hours, 62°/0of the NaTPB was re-dissolved. Since the NaTPB does not immediately re-dissolve, more TPB would dissolve if the sodium and nitrite concentrations were reduced to their target concentration over 24 hours rather than 9 hours. After 23 hours, 77% of the NaTPB was re-dissolved. Since the sodium concentration was lower than the target, the amount of NaTPB that re-dissolved is probably higher than if the sodium and ' nitrite concentrations were reduced to their target concentration over 24 hours rather than 9 hours. Additional testing should be conducted to determine the impact of operating parameters on NaTPB recovery and to determine the operating parameters needed to maximize NaTPB recovery.
60-day Precipitate Stability Test
Another key area of interest was the stability of washed 10 wt.% slurry (stabilized with 0.01 M NaOH) over a 60-day period stored in inerted conditions and at ambient temperature. Following the May 3 washing evolution, the washed 10 wt.OAprecipitate was placed in a storage container under a nitrogen bkmket. Precipitate samples were collected periodically and filtered to remove solids. The filtrate from these samples was submitted to ADS for HI?LC analysis to measure TPB and its possible decomposition products. TPB decomposition products are soluble and therefore would be present in the sample filtrate if significant TPB degradation had occurred. The samples were refrigerated prior to analysis to minimize any decomposition~after they were collected. Table 5 shows the results. No decomposition of the tetraphenylborate was observed over 61 days. . 
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Rheology Measurements
Samples of unwashed, washed, and irradiated 10 wt.YoTPB slurries were sent to the University of South Carolina where they were analyzed for both yield stress and consistency.s Samples were tested on a Rheometrics Fluids Spectrometer RFS II using a concentric cylinders device consisting of a stainless steel cu and a titanium bob. Results of these measurements, as well as previous SRS measurements P 9>10$ ' of similar slurries for comparison, are given in 
I
The table shows sludge addition increases the slurry yield stress, irradiation (33 Mrad) reduces the slurry yield stress and consistency, and Sur&nol@ 420 (2 g/L) reduces the slurry yield stress and consistency.
As seen in the table, the most recent yield stress measurements are approximately a factor of 3-5 lower than most previous results. Consistency values are also lower but to a lesser degree.
The current results agree well with the 1983 Ill? demonstration sample dat~but those earlier samples had radiation exposure which has been shown to reduce both the yield stress and consistency.12 These reasons ,for these differences are not clear although several possible contributing factors can be identified:
. Eight hour filtration runs following concentration generally exhibited expected flux responses to changes in axial velocity and transmembrane pressure (TMP). Permeance was less impacted showing that filter performance was more impacted by changes in axial velocity than TMP. .
Washing effectiveness was influenced by the effects of mixing and Su@nol@ 420 content as evidenced by the fluctuations in feed rates over the three washing evolutions petiormed. Filter operation became markedly more erratic and more difficult to control during the final 8 hours of each 24 hour washing evolution. The causes for this behavior are not clear and need further exploration. "
The filtration results horn these tests were generally consistent with past SRS testing.
Tetraphenylborate (TPB) recovery in spent wash water during precipitate washing was in the range of 62-77°/0. The extent of mixing and rate of washing are likely Muencing factors. .
A 60 day stability test was conducted with washed precipitate produced "fromthe filtration tests. The slurry was maintained at ambient temperature and stored in an inert (i.e., nitrogen purged) atmosphere. Analytical results show no loss of TPB and no formation of TPB decomposition products over the 60 day period.
Rheology measurements on unwashed TPB slurries gave yield stress values in the range of 20-25 dynes/cm2 and consistencies in the range of 16-24 cp. Washed slurry samples gave yield stress values in the range of 72-85 dynes/cm2 and consistencies in the range of 10-38 cp. Irradiation (33 Mrad) reduced the yield stress of washed precipitate to less than 5 dynes/cm2 and reduced the " precipitate consistency to 5 -12 cp. Addition of 2 g/L of Sur&nol@ 420 to the slurry reduced its yield stress to 38 dynes/cm2 and its consistency to 11 cp. While consistency values are consistent with previous SRS testing, the measured yield stresses were approximately 1/5 -1/3 of the value of previous SRS measurements. The effects of shear history and Sur&nol@ 420 concentration may contribute to the lower rheology measurements, but need fhrther study.
QUALITY ASSURANCE
Results are recorded in WSRC-NB-94-340. Testing was conducted in accordance with SRTC procedures.
